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Abstract 
This study recommends the use of Theil’s second measure to investigate international carbon intensity disparities. 
This index permits disparities to be broken down within and between groups of countries in a reliable style. An 
analysis of OECD countries for 1980-2011 shows some basic points: first, drop in carbon intensities disparities is 
attributable both to within-group and between-group inequality components; second, between-group inequalities are 
presently the key contributor to the inequality; and, further investigation on within-group inequalities divulges the 
significant explanatory role played by North American, and Central and South American countries. 
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1. Introduction 
Following the recent works by Clarke-Sather [1], Duro and Padilla [2], Sun [3], latest research 
possibilities in the direction of finding out the inequalities across groups of countries in diverse contexts 
can be taken up, and in doing so, differences not only among the countries but also among several sub-
groups can also be computed using measures, like mean deviation (MD), Gini coefficient, and Kakwani 
Index. Provided the analysis by the researchers, we intend to put forward an uncomplicated procedural 
and pragmatic analysis by means of Theil’s second measure [4]. Along with its additional benefits, it 
allows a reliable disintegration by sub-groups, as per demonstrated by Alcantara and Duro [5]. 
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Nomenclature 
 
EIA U.S. Energy Information Administration 
2.  Methodological aspects 
In keeping with the information entropy measure [6], Theil’s index can be derived, and the universal 
form of entropy is given by the following: 
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where, pi is the probability of finding income yi of a person among the population of N, and the total 
income of the population can be given by Nŷ, y  being the average income of the population. Therefore, 
the observed entropy represented by Theil’s index is given by: 
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Assuming the homogeneity among the population, it can be stated that pi = 1 / N. In that case, equation 
(2) takes the following form: 
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It is the limiting condition imposed on Theil’s basic measure, where the scalar multiplier value is 
approximated to zero [7], as per the following: 
 
1 10
1 1 1E = lim 1 log
( 1)
c
N N yi
c
iy
Ny
N c c N N yo
ª º­ ½§ · § ·° °« »¨ ¸   ¨ ¸® ¾ ¨ ¸¨ ¸« » © ¹° °© ¹« »¯ ¿¬ ¼
¦ ¦           (4)  
 
This is the form of Atkinson’s index [8] along the lines of a utilitarian social welfare function with 
utility of income presented in a logarithmic form. This form is commonly known as Theil’s second 
measure. In keeping with the standard mean logarithmic deviation and the approximations mentioned by 
Theil [4], range of Theil’s second measure can be defined as (0, 1), where values approximated to zero 
can be considered as near to perfect equality condition, and values approximated to one as near to perfect 
inequality condition. Disintegration of E can be shown in the following manner: 
 
E = Ewg + Ebg = 1 log
g
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i
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where, Ewg stands for the absolute within-group inequality element, Ebg stands for the absolute 
between-group inequality element, and pg stands for GDP percentage of group g. 
3. Results 
The data used here were obtained from the U.S. Energy Information Administration. Carbon intensity 
is measured as the ratio between emission of carbon dioxide in tons of oil equivalent and GDP measured 
in purchasing power parity. The countries included (n = 28) are OECD members. 
The main results are presented in Table 1. Left side of it provides with the sub-group inequality 
decomposition results, and the right side offers the contribution of each subgroup to within-group 
synthetic component. Fig. 1 depicts a graphical representation of patterns.  
In proportion to the substantiation, a number of observations come out: 
First, carbon intensity inequalities between OECD countries demonstrate a reasonable descending 
pattern over the study period, and the Theil index indicates a drop of 12.06%. 
Table 1. Carbon-intensity inequalities across OECD countries applying the Theil index (Breakdown into within-group and between-
group inequality components and breakdown of the within-group inequality component) 
Year Ebg Ewg E Ebg (%) Ewg (%) 
Asia & 
Oceania 
Central & 
South America Europe 
North 
America 
1980 0.10260 0.07802 0.18062 56.81 43.19 0.23708 0.51056 0.02351 0.10552 
1981 0.07518 0.08174 0.15692 47.91 52.09 0.24453 0.60096 0.02508 0.09286 
1982 0.06904 0.07760 0.14664 47.08 52.92 0.26880 0.25291 0.03057 0.07431 
1983 0.06102 0.09044 0.15146 40.29 59.71 0.31910 0.08651 0.02282 0.07752 
1984 0.05427 0.08347 0.13774 39.40 60.60 0.31210 0.05994 0.03927 0.05962 
1985 0.05278 0.08488 0.13766 38.34 61.66 0.35397 0.99274 0.06029 0.04727 
1986 0.05619 0.10918 0.16536 33.98 66.02 0.42877 0.70938 0.08460 0.05319 
1987 0.08482 0.11071 0.19553 43.38 56.62 0.43591 0.00096 0.08607 0.04905 
1988 0.09555 0.11681 0.21237 44.99 55.01 0.43202 0.54929 0.08717 0.04894 
1989 0.08168 0.10889 0.19057 42.86 57.14 0.42558 0.17254 0.10424 0.03490 
1990 0.12748 0.10282 0.23030 55.35 44.65 0.42991 0.17100 0.11072 0.03831 
1991 0.12368 0.11350 0.23717 52.15 47.85 0.45639 0.00829 0.08190 0.03552 
1992 0.13142 0.11377 0.24519 53.60 46.40 0.47509 0.01879 0.08623 0.02417 
1993 0.12879 0.13285 0.26164 49.22 50.78 0.49809 0.01931 0.09170 0.02774 
1994 0.12521 0.12026 0.24546 51.01 48.99 0.44684 0.03127 0.11333 0.01882 
1995 0.13494 0.11566 0.25059 53.85 46.15 0.43579 0.08364 0.08263 0.00949 
1996 0.12313 0.09919 0.22232 55.38 44.62 0.40632 0.04082 0.08252 0.01102 
1997 0.10052 0.09516 0.19568 51.37 48.63 0.42502 0.00941 0.08417 0.00291 
1998 0.09216 0.09054 0.18270 50.44 49.56 0.43228 0.03971 0.06513 0.01672 
1999 0.08875 0.09381 0.18255 48.61 51.39 0.41969 0.19336 0.07081 0.01578 
2000 0.07033 0.08675 0.15708 44.78 55.22 0.38232 0.11317 0.07669 0.00744 
2001 0.06018 0.08231 0.14249 42.24 57.76 0.38904 0.10103 0.08224 0.01296 
2002 0.06229 0.06935 0.13164 47.32 52.68 0.34312 0.10512 0.08503 0.01258 
2003 0.07581 0.07100 0.14680 51.64 48.36 0.31405 0.06708 0.09410 0.03247 
2004 0.08278 0.06342 0.14620 56.62 43.38 0.30314 0.03789 0.08501 0.02053 
2005 0.07706 0.06446 0.14152 54.45 45.55 0.29531 0.10705 0.07192 0.02974 
2006 0.07199 0.05979 0.13179 54.63 45.37 0.26558 0.19931 0.07388 0.03694 
2007 0.08081 0.05265 0.13346 60.55 39.45 0.23954 0.27589 0.07019 0.03583 
2008 0.08804 0.06093 0.14898 59.10 40.90 0.26637 0.23504 0.05963 0.04367 
2009 0.08791 0.07437 0.16227 54.17 45.83 0.29089 0.12172 0.07359 0.05904 
2010 0.08032 0.06085 0.14117 56.90 43.10 0.25443 0.25854 0.07064 0.03308 
2011 0.08953 0.06932 0.15884 56.36 43.64 0.24959 0.25127 0.08549 0.05411 
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Second, the substantiation would recommend that both within-group and between-group inequality 
components facilitate to elucidate this decline in inequalities. The existing research works in this direction 
have not taken into consideration the considerable part accounted by second component. 
In this context, it is imperative to note that this movement in the direction of equality takes place in the 
context of declining carbon intensity. Thus, the overall movement in the study period is descending, with 
the exception of the countries pertaining to Europe, Asia and Oceania. Since 1985, the European 
countries have been showing a steady rise in the inequality, whereas Asian and Oceanian countries have 
reached their peak in 1993, and since then they are showing a declining movement for rest of the study 
period. This substantiation advocates that carbon emission has disseminated over countries, which may 
have significant economic and ecological insinuations. 
 
 
Fig. 1. Carbon intensity inequalities across OECD countries 
Third, the results also demonstrate that between-group inequalities are the primary significant aspect in 
explicating carbon intensity inequalities between OECD countries. This factor comprises almost 51% of 
inequalities and its implication also turned out to be more important. This is a noteworthy point, which 
would point out that scientific movements or modifications in industrious configuration, entailing 
reductions in carbon intensity is likely to extend initially in the countries of the dissimilar geological areas 
and afterward to extend in other groups. While we do not investigate exhaustively this question here, if 
this postulation were exact, it possibly will give explanations for global harmonization in active strategies 
intended to speed up the reach of carbon-reducing processes. 
With the exception of the countries pertaining to Europe, Asia and Oceania, the groups divulge a 
comprehensible decline in their involvement on carbon intensity inequalities. Especially, the Central and 
South American countries appear as the key contributors both to within-group inequality levels and its 
decline. In particular, during the study period, its influence plunged by 50.79%. Also North American 
countries demonstrate a decline in their inequality contributions by 48.72%. These patterns have yielded 
an augmentation in the respective involvement to within-group inequalities by North American and 
Central and countries, at the same time as the contribution of the countries pertaining to Europe, Asia and 
Oceania has fallen. 
4. Conclusion 
By means of the second Theil inequality index, we discover that during 1980-2011, OECD countries 
lessened their disparities in terms of carbon intensity contained by the broad context of an overall 
lessening in levels, with the exception of the countries pertaining to Europe, Asia and Oceania. This index 
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has furthermore allowed us to demonstrate two key observations: first, the decrease in disparities can be 
elucidated by within-group and between-group inequality components; second, between-group 
inequalities are the key contributor to the entire inequality assessment. These results possibly will indicate 
two corresponding lines of research on the subject of emission reduction strategies; first, exploration of 
the processes that bring about a convergence in terms of carbon intensities contained by the framework of 
each group; and second, explanation of the means those add to global dispersion of industrial processes, 
consumption patterns, etc. those bring about emission reductions. Gradual disproportionate rise in oil 
import in the countries pertaining to Europe, Asia and Oceania can cause rise in inequality in energy 
intensity [5], and following the causal route, this may result in the inequality in carbon intensity as well. 
This is another significant aspect, which is also needed to be scrutinized in view of this analysis.  
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